INTRODUCTION
Lycopsids are iconic in the early floral assemblages of Australia for their antiquity and abundance. The age of Baragwanathia, a genus which consists of robust leafy axes from Victoria, has long been debated, but it is now accepted that its oldest remains date from the early Ludlow (Late Silurian; Lang and Cookson, 1935; Rickards, 2000) . The lycopsids succeeding Baragwanathia in Australia are poorly known, and their age is not always well constrained. Hill et al. (1999) report a diversification in systematics paralleled by one in growth habit in floras of late Early to early Late Devonian age (late Emsian to Frasnian). The herbaceous lycopsids of this time interval are assigned to Leclercqia complexa (Fairon-Demaret, 1974; Meyer-Berthaud et al., 2003) . Those identified in the Eifelian locality of Storm Hill in the Broken River area of north-eastern Queensland, are a good example. Larger axes have been referred to as Protolepidodendron, ?Lepidodendron and Lepidosigillaria but these taxonomic determinations need to be reassessed (Gould, 1975; White, 1986) . A Lepidosigillaria-like trunk base reaching 14 cm in width was discovered in the Givetian-Frasnian Bunga beds of Bunga Pinch quarry, on the south coast of New South Wales. This report shows that Australian lycopsids had already reached a small tree habit by then (Young, 2007; Meyer-Berthaud et al., 2016) .
In the Late Devonian, the Australian lycopsids seem poorly diversified. Most remains consist of axial fragments of Leptophloeum, a genus of worldwide palaeogeographical distribution that may have thrived in shoreline environments (Hill et al., 1999) . Despite a lack of detailed information concerning the largest stems of Leptophloeum, this genus is viewed as arborescent, with trunks thought to have reached 50 cm in diameter and 10-25 m in height (Lemoigne, 1982; Li et al., 1986; Taylor et al., 2009) . These trees are reconstructed with a cormose base (Prestianni and Gess, 2014) and lateral branches produced along the trunk (Wang et al., 2005) . Their fructifications are interpreted as narrow strobili with peltate sporophylls (Walton, 1925-26; Li et al., 1986) .
The Famennian plant locality of Barraba, in north-eastern New South Wales, is one of the rare Devonian Australian sites of Australia to have yielded permineralized plants. In addition, a large number of vegetative axes of Leptophloeum are preserved as adpressions. Two permineralized specimens of lycopsids have been collected in this locality (Chambers and Regan, 1986) . One is the large cone reported in the present paper, the second a lycopsid stem that Chambers and Regan referred to as Leptophloeum and that we are currently investigating. The Barraba cone is the single lycopsid fructification yet published from any Late Devonian plant locality in Australia. Because of the rarity of this type of remains, we have chosen to use X-Ray Synchrotron microtomography to investigate its three-dimensional structure and to discard, as far as possible, any of the destructive methods (i.e., peel-sections, thin-sections) classically employed to study anatomically preserved specimens. This cone represents a new taxon whose affinities are discussed.
MATERIAL
The cone was collected by Mr. John Irving in 1964 at Barraba, in the New England part of New South Wales, after a record flood of the Manilla River which exposed new outcrops. The plant beds occur on the south-east side of the town, on the left bank of the Manilla River upstream from the Connors Creek crossing. In addition to the cone, the anatomically preserved specimens collected by Mr. Irving consisted of three stems of Polyxylon australe (Chambers and Regan, 1986; Meyer-Berthaud et al., 2007) , a few woody specimens, and a lycopsid axis. Permineralized specimens representing diverse groups of euphyllophytes were collected subsequently by two of us during the two field trips we made to Barraba (BMB with Philippe Gerrienne in 2004, BMB and ALD in 2013) . During these visits, we did not find any new anatomically preserved specimens of lycopsids, whether vegetative of fertile, but we observed abundant impressions of Leptophloeum australe in the intercalated shaly beds. The cone is housed at the Museum Victoria, Melbourne, under number NMVP 161998.
There has been no detailed stratigraphical study of the plant locality itself. The rocks surrounding Barraba have been assigned to the Mandowa Mudstone, a formation whose age ranges from the late Famennian to the Tournaisian. The majority of the Mandowa mudstone sites in the New England Fold Belt are Late Devonian in age based on conodonts (Manilla 1:250,000 sheet of the geological map; Chestnut et al., 1973) . In a short report on two trilobites found by Mr. Irving in association with the fossil plants, Wright (1988) assigned a late Famennian age to the locality. This was based on the occurrence of the Tournaisian conodont Siphonodella quadruplicata near the bridge over the Manilla River immediately northwest of Barraba, in beds that appear much higher stratigraphically than those yielding the plants and the trilobites. Recent work on the Mandowa Mudstone south of Barraba suggests that the depositional environment was a marine shelf distal to the continental slope (Vickery et al., 2010) .
METHODS
The propagation phase-contrast X-ray synchrotron microtomography of the cone was obtained by one of us (PT) in 2007 on the beamline ID17 at the European Synchrotron Radiation Facility (ESRF), Grenoble, France. The data were acquired with a beam set of 90 keV and a propagation distance of 5 m between the specimen and the detector. Voxel size is 31 µm. The resulting images were cropped with the Fiji software (Image J 1.45, NIH©) and corrected manually to remove external elements such as air bubbles or traces of glue adhering to the fossil. The 3-D images of the cone were reconstructed with the Avizo v.7 software, VSG©. Two sporophyll-sporangium units were virtually extracted from the rest of the cone using Avizo segmentation tools, and subsequently visualized with volume rendering. The measurements were first made in pixels with Fiji then compared with those made in millimeters with Avizo.
A fragment of the cone axis outcropping in the distal part of the specimen was collected, cut transversally, and a thin-section was prepared. This section shows the vascular and inner cortical tissues.
Three-dimensional internal casts of megaspores and microspores were manually extracted from the sporangia and observed in Scanning Electronic Microscopy at the University of Montpellier.
SYSTEMATIC PALAEBOTANY
Class LYCOPSIDA Scott, 1909 Order ISOETALES Meyen, 1987 Family The sporangia measure 16-18 mm long, 3-5 mm high, and 4-6 mm wide (Figures 2.2, . They are slightly shorter than the pedicels to which they are attached over their whole length by a narrow pad of tissue . Their width exceeds that of the pedicels in their proximal half and becomes comparable distally, except at the tip where the sporangia become narrower (Figures 2 .5-8, 3.4-5, 4.1-2). Sporangium wall is thin (80-90 µm). All the sporangia have retained their spore contents. The mega-and microsporangia both contain several hundred spores (Figures 2.2 , 5-7, 4.1-2, 4.6, 4.7). Spores. The internal casts of megaspores collected inside the megasporangia have a spherical outline and measure 420-490 µm in diameter (Figure 5 .1). They do not show any ornamentation except on the proximal face where a faint trilete mark characterized by 100 µm long rays is surrounded by a triangular area with concave sides 6 showing more than a hundred pores (Figure 5 .2). Individual lobes of this trilobed pored zone are about 140 µm long and 85 µm wide. The pores are regularly arranged in three to four rows on each side of the rays. They are circular to oval and 2-3 µm deep. Their diameter ranges from 4 µm close to the rays, up to 9 µm outside.
The internal casts of microspores collected inside the microsporangia have a spherical outline and measure 60-65 µm in diameter. They show a small trilete mark with 4 µm long rays. Three 2.5 µm wide pores are visible between the rays, close to the proximal pole ( Figure 5.3) . Some microspores have retained fragments of an outer enve- lope showing densely arranged minute pores on the inner side.
DISCUSSION

General Features
The Barraba specimen lacks its proximal and distal parts and one may wonder whether it actually represents a large bisporangiate cone or a fertile region with alternating mega-and microsporangiate zones such as those described in the family Chaloneriaceae Rothwell, 1983a, 1983b; Pigg, 1992) . Sporophylls in the Barraba specimen tend to bend downwards proximally, upwards distally, and are almost horizontal in between. Such variation in the orientation of the lateral organs is observed at the apices of axes. This feature suggests that the Barraba specimen is a cone terminating an axis rather than a fertile zone intercalated between the vegetative portions of a growing axis.
The Barraba cone shows a narrow axis whose diameter represents about 1/10 of the total diameter of the cone. In transverse section, the stele is FIGURE 3. Cymastrobus irvingii gen. et sp. nov. NMVP 161998. Virtual sections, X-Ray synchrotron microtomography. 1-5, Proximal-distal series of longitudinal sections through a sporophyll-sporangium unit; note the heel (H) in 1, keel (K) in 2 and 3, microsporangium (mS) and longitudinal pad of tissue (P) in 4 and 5, vascular strand (VS) in 5. 8 comprised of a wide central zone of thin-walled cells surrounded by a solid ring of primary xylem. Its outer border is irregularly corrugated and shows departing sporophyll traces in the furrows. Broadly comparable primary vascular anatomies have been recorded in Sigillaria, Lepidophloios, and Chaloneria (Bertrand, 1891; Delevoryas, 1957; DiMichele et al., 1979) , but also in a few Mississippian taxa of more restricted palaeogeographical occurrences such as Linietta, Lycopogenia, and Winslowia, which all have lobed steles (Roy and Matten, 1989; Dunn et al., 2012) . Despite their superficial resemblances, the trace emission patterns of these genera are different. Trace emission in the Barraba cone looks closer to the pattern observable in the chaloneriacean genera Chaloneria and Winslowia, and called "invaginate" by Bateman et al. (1992) . The protoxylem of these genera, however, is dissected and does not form a continuous band at the periphery of the primary xylem like in the Australian specimen.
The Australian cone bears eight to 10 sporophyll-sporangium units per gyre. The sporophylls consist of an elongated pedicel and an upturned lamina. The pedicels possess an abaxial keel and a heel. They lack any lateral expansion or alation and are narrower than the sporangia attached to their adaxial surface except in the distal part. The laminae are represented by short portions of dissected tissue suggesting that they were devoid of any strengthening cells. They were easily torn away, including when the spores were still contained in the sporangia. Sporangial protection during the early developmental stages of the cone may have been provided by the distal part of the pedicels, especially the heel, rather than by the evanescent laminae (Figure 4) . The megasporangia contain a large number of megaspores.
Spores
The spores of the Barraba cone present a wall consisting of an outer envelope and a central body whose cast is the only structure that could easily be extracted and analyzed. The pores on the proximal surface of the central body represent the imprints of the structures that attached it to the outer envelope. These structures have been called "papillae", "cushions", "verrucae", dark spots, etc. in other lycopsid spores (Bharadwaj and Tiwari, 1970; Brack and Taylor, 1972; Grauvogel-Stamm and Lugardon, 2004) . Detailed ultrastructural studies of the spore walls of some extant and extinct Isoetaceae and Selaginellaceae showed that these papillae correspond to multilamellate zones formed at an early stage of wall development (Lugardon et al., 1999 (Lugardon et al., , 2000 . Grauvogel-Stamm and Lugardon (2004) suggested that these papillae have the same developmental origin in all the lycopsid taxa where they occur.
With their rows of papillae surrounding the trilete mark, the central bodies of the Barraba megaspores are comparable to those of the sporae dispersae Duosporites, Pilatriletes, Surangeaesporites and Talchirella (Bharadwaj and Tiwari, 1970; Grauvogel-Stamm and Lugardon, 2004) . These isolated megaspores are common in Permian and Triassic assemblages of Gondwana. In older deposits, dispersed spores with similar features on the proximal face are rarer. They include Pustulatisporites distalis from a Late Devonian spore assemblage of Sichuan, China (Lu, 1981; Chitaley and McGregor, 1988) and Triangupapillaesporites biseratus from a Visean locality of England (Spinner, 1982) . The central body casts of the Barraba microspores are assignable to the genus of sporae dispersae Endosporites that ranges from the Late Devonian to the Permian (Brack and Taylor, 1972) , and specifically to E. papillatus and E. pseudopapillatus (Grauvogel-Stamm and Lugardon, 2004) . In the microspore genus Lycospora, which has been found in a large range of mono-and bisporangiate lycopsid cones (Brack-Hanes and Thomas, 1983; Traverse, 2008) , one species of early Pennsylvanian age, L. rugulosa, has also been reported with three apical papillae on the central body (Bek, 2012) . The microspores of L. rugulosa, however, differ by the distal ornamentation of their central body which is rugulate.
Microspores with interradial papillae, laminated zones or pores, have been recorded in the sporangia of a large number of extant and extinct taxa assignable to the Isoetaceae (e.g., Isoetes, Pleuromeia, Annalepis), the Chaloneriaceae (Chaloneria, Polysporia, Sporangiostrobus / Omphalophloios), the Lepidodendraceae (Flemingites, Mazocarpon, Sigillariostrobus), and other lycopsids of uncertain affinities (e.g., Bisporangiostrobus, Porostrobus), but also to the Selaginellaceae (Chaloner, 1953 (Chaloner, , 1958 Bharadwaj, 1958; Chitaley and McGregor 1988; Grauvogel-Stamm and Lugardon, 2004; Bek and Leary, 2012) . Megaspores with interradial papillae, laminated zones or pores, are 10 not found in any extant taxa. Their occurrence in the Chaloneriaceae and the Lepidodendraceae is not as well documented as that of the microspores but such megaspores also occur in taxa that belong to both the rhizomorphic lycopsids and the Selaginellaceae (Grauvogel-Stamm and Lugardon, 2004, table 1). In addition to the Barraba strobilus, the oldest cones possessing such megaspores are assigned to Bisporangiostrobus, a Famennian genus of uncertain affinities (Chitaley and McGregor, 1988) . Overall, this evidence suggests that the papillae attaching the central body to the outer envelope of lycopsid spores evolved within the heterosporous lycopsids at a deep node of the phylogenetic tree, before the split between the rhizomorphic lycopsids and the Selaginellaceae (Kenrick and Crane, 1997) . Following this hypothesis, this character has either been lost in some derived taxa or unidentified because the recognition of papillae, laminated zones or pores is constrained by the preservation state of the spores and the chemical treatment used for their analysis (Grauvogel-Stamm and Lugardon, 2004) . The alternative possibility is that this character evolved several times independently within the heterosporous lycopsids. In both cases, the possession of spores with papillae, laminated zones or pores on their central body appear as a poor indicator of the systematic affinities of the reproductive structures that produced them.
Comparison with Devonian and Carboniferous Lycopsid Cones
The record of Devonian cones assignable to the lycopsids has greatly increased in the last 20 years and currently comprises about 15 taxa ranging from the Givetian (Senkevitsch et al., 1993; Cai and Chen, 1996; Hao et al. 2007 ) to the late Famennian (Fairon-Demaret, 1977; Chitaley and McGregor, 1988) . A majority of these fructifications, however, differs markedly from the Australian cone by their slender shape and smaller size, by the morphology of their sporophyll-sporangium units, and by their sporangial content. For example, the cones of the Givetian genus Longostachys (Cai and Chen 1996) and the Famennian genus Barsostrobus (Fairon-Demaret, 1977) , which are morphologically close, exceed 14 cm in length but are less than 1 cm wide. Their sporophylls are spoon-like proximally, with a globose to elliptical sporangium on the adaxial surface. They retain a long and lanceolate distal lamina. They may have been monosporangiate. The Longostachys megasporangia contain only four megaspores corresponding to the dispersed spore genus Laevigatisporites.
The cones of two other Devonian genera, which differ markedly from the Barraba cone, are those of Changxingia (Wang et al., 2014) and Minostrobus (Wang, 2001; Meng et al., 2013) , both monosporangiate and of Famennian age. The pedicels of their sporophylls possess a keel and a conspicuous heel but, unlike those of the Barraba cone, they are short (less than 5 mm in length) and show distal alations. Their megasporangia contain only four megaspores of Lagenicula type.
Cones of the Givetian genera Mixostrobilus and Yuguangia are heterosporous like the Barraba specimen but they are more slender, the laminate part of their sporophylls is much more important, their sporangia are ellipsoidal or globose rather elongate, and both genera contain a small number of megaspores within their megasporangia. Indeed, the Mixostrobilus cones, estimated to reach 7 cm in length, do not exceed 3.5 cm in width (Senkevitsch et al., 1993) . Those of Yuguangia which may be up to 16 cm long are less than 1 cm wide (Hao et al., 2007) . Mixostrobilus mega-and microsporangia are irregularly arranged and not separated in well-differentiated zones as in the Barraba cone. They are attached to the sporophylls by a short central stalk. Sporophylls of Yuguangia cones show a short pedicel and a relatively long lamina. The heel, as shown on Hao et al.'s (2007, figure 4 ) reconstruction, actually corresponds to a deflection, rather than a distal thickening, of the pedicel. Finally, in the cone axis of both Mixostrobilus and Yuguangia, the outline of the primary xylem is not undulated as in the Barraba cone. Sporophyll traces in these genera depart from the small protoxylem ridges protruding on the outer border of the metaxylem.
The reproductive parts of Leptophloeum, a Late Devonian genus represented by abundant compression remains at Barraba, have never been described in detail, and their arrangement in cones or in fertile regions is uncertain (Wang et al., 2005) . However, the few characters reported for these reproductive parts are unlike the Barraba cone. They are more slender, with a diameter that does not exceed 3 cm, and they consist of peltate sporophylls which, in the illustrations provided by Walton (1925 Walton ( -1926 and Li et al. (1986) , show very short pedicels compared to the diameter of the "cone" axis. The sporangia and their spore content are unknown. The outline of the primary xylem of the Leptophloeum axes illustrated by Geng (1990) and Wang et al. (2005) is not undulated as in the Bar-raba cone but shows small ridges of protoxylem at the origin of the leaf traces.
Fertile structures of lycopsid affinities resembling the Barraba specimen, i.e., that are relatively large, bisporangiate, have elongated sporangia attached over their whole length on narrow pedicels, and produce a large number of megaspores per megasporangium, have not been reported prior to the late Late Devonian. As detailed below, they belong to a large range of taxa including a few genera of Famennian age whose affinities are uncertain (Jurinodendron, Clevelandodendron, Bisporangiostrobus) and genera resolved as basal in Bateman et al.'s (1992) phylogenetic analysis of the arborescent lycopsids from the Carboniferous of Euramerica. Among the latter are Flemingites (Brack-Hanes and Thomas, 1983) and genera affiliated to the Chaloneriaceae Rothwell, 1983a, 1983b) . The bisporangiate cones with elongated sporangia of the small-sized, pseudoherbaceous Carboniferous genera Oxroadia and Paurodendron are not considered in the following comparisons because they are much smaller than the Australian strobilus, show an evaginate pattern of sporophyll trace emission, and contain only a few megaspores per megasporangium (Schlanker and Leisman, 1969; Bateman, 1992) .
The genus Jurinodendron, long known as Cyclostigma and whose best known species is J. kiltorkense from the Famennian of Ireland, was assigned to the Lepidodendrales by Chaloner (1967) . Wang et al. (2003) proposed that Jurinodendron, together with Clevelandodendron ohioensis (Chitaley and Pigg, 1996) and Bisporangiotrobus harrisii (Chitaley and McGregor, 1988 ) represent the basal taxa of a supposedly monophyletic group that they referred to as the "Isoetales sensu strict." This group would encompass the isoetalean lycopsids characterized by cormose rather than stigmarian rhizomorphs. The sporophylls of J. kiltorkense cones resemble those of the Barraba specimen in showing narrow pedicels and elongated sporangia lying on their adaxial surface (Chaloner, 1968) . However, unlike the Barraba cone, these sporophylls have pedicels lacking a keel and a heel, and they retain very long linear laminae. The bisporangiate nature of the cones of J. kiltorkense has not been demonstrated.
Clevelandodendron ohioensis is represented by a 125 cm high individual characterized by an unbranched stem and a non-stigmarian rhizomorph. The stem is terminated by a 9 cm long, 6 cm wide bisporangiate cone comparable in size and shape to the Barraba specimen (Chitaley and Pigg, 1996) . Because of the superficial resemblance between these two contemporaneous cones, it could be tempting to hypothesize a similar growth habit for the plants that produced them. The structure of the sporophyll-sporangium units of C. ohioensis is unknown but there is enough evidence indicating that the two cones may have been more different than thought at first glance. In C. ohioensis, sporophyll laminae are longer and remain attached to the sporophylls. Megaspores do not exceed 360 µm in diameter. Microspores are referrable to the dispersed spore genera Calamospora or Punctatisporites with no special features reported at the level of the trilete mark.
Bisporangiostrobus harrisii is represented by a branching axis bearing two cones from a late Famennian locality of Pennsylvania (Chitaley and McGregor, 1988) . The cones resemble the Barraba strobilus in many features. Their axis is narrow. The sporophylls in B. harrisii consist of an elongated pedicel showing a prominent keel and heel, and a very short lamina measuring no more than 2.5 mm long. The megaspores, assigned to the dispersed spore genus Duosporites, have a twolayered exine. Their central body lacks any sculpture except on the proximal surface where a triangular pattern of verrucae occurs in the interradial areas. Likewise, the microspores of B. harrisii have a two-layered exine and a central body showing a single dark spot between the rays of the trilete mark. B. harrisii cones, however, do not exceed 1.5 cm in width and are more slender than the Australian cone. Their axis is protostelic and do not show any central thin-walled cells. Their sporophylls and sporangia are shorter. Their megaspores are much fewer and do not exceed 30 per megasporophyll. The interradial papillate zone of the megaspore central body is more extended. The central body of the microspores has longer rays.
Most bisporangiate cones with narrow sporophyll pedicels of Carboniferous age were referred to the genus Lepidostrobus when first described but have been transferred to Flemingites (Carruthers) Brack-Hanes and Thomas. Indeed, these authors showed that the type-species of Lepidostrobus, L. ornatus, is monosporangiate and corresponds to microsporangiate strobili (Brack-Hanes and Thomas, 1983) . Flemingites cones are characterized by megaspores of Lagenicula or Lagenoisporites type and microspores of Lycospora type. They are interpreted as the reproductive structures of arborescent lycopsids with Paralycopodites/ Anabathra-type stems . Brack-Hanes and Thomas (1983) recognized 13 12 species of Flemingites ranging from the Tournaisian to the Pennsylvanian. An additional species of uncertain age but probably no younger than the Middle Pennsylvanian, F. arcuatus, was later described by Stevens et al. (2010) . In addition to F. arcuatus, one species of Mississippian age, F. scotti, and six Pennsylvanian ones, F. bartletti, F. diversus, F. gracilis, F. olryi, F. russellianus, and F. schopfii , are represented by cones that are different in shape and more slender than the Barraba specimen. Among these, five species (F. scotti, F. diversus, F. gracilis, F. schopfii, F. arcuatus) contain a much smaller number of megaspores per megasporangium (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) .
The single known specimen of F. spectabilis was collected in the Pennsylvanian deposits of Montceau-les-Mines (central France). It resembles the Australian strobilus by its size and the siphonostelic structure of its axis. It is 10.5 cm long, and its total width including the sporophyll laminae is about 6 cm (Renault, 1888) . The central axis measures about 5 mm in width. The shape of the sporophylls, however, differs from those of the Barraba specimen. Pedicels are much shorter, measuring less than 10 mm in length. The laminae, which are retained on the cone, are wide, triangular, and up to 35 mm long. The number of megaspores per megasporangium is unknown.
The two Flemingites species of Mississippian age, F. gallowayi and F. noei, contain a large number of megaspores per megaspoprangium. F. gallowayi is a poorly known species represented by a single adpressed specimen from the Pocono sandstone of Pennsylvania (Arnold, 1933) . In this species, as in the Barraba cone, the laminae are not preserved. The F. gallowayi cone, however, is narrower than the Australian specimen. The sporophyll pedicels are shorter and do not exceed 15 mm in length. The microspores in F. gallowayi show three dark spots between the rays of the trilete mark like those of the Barraba specimen, but the megaspores apparently lack an inner body with interradial verrucae (Chitaley and McGregor, 1988) . F. noei is represented by a single anatomically preserved specimen from the New Albany Shale of Kentucky (Mathews, 1940) . It is 7 cm wide, more than 11 cm long, and differs from the Australian strobilus by the shape of the sporophylls. Indeed, pedicels in F. noei lack a keel and a heel (Mathews, 1940, figure 7) . The laminae measure 8 mm wide, 14 mm long, and are robust over their whole length. In the cone axis, the vascular traces depart from the protoxylem strands protruding at the periphery of the xylem cylinder. Finally, the megaspores do not exceed 370 µm wide and are smaller than those of the Barraba cone.
A number of bisporangiate cones from Mississippian deposits of southern France have been referred to as Lepidostrobus brownii by Zeiller (1911) , and later transferred to Flemingites brownii by Brack-Hanes and Thomas (1983) . Like the Australian specimen, such cones are large and contain numerous megaspores in their megasporangia. The best studied one, referred to as "the Abbé Théron specimen" by Zeiller (1911) is 11 cm long and up to 6.2 cm wide. Its sporophylls appear shorter than those of the Barraba specimen (up to 15 mm long) and have a distinctive shape that differs from that of the latter specimen. The pedicels do not show a proper heel but, instead, bend downwards abruptly in their distal part before rising up to form a long (up to 20 mm) and very thick lamina. In the Australian cone, the deflection of the pedicel is slight if any. Moreover, the pattern of hexagonal shields covering the Abbé Théron specimen in external view corresponds to the distal part of the laminae in transverse section whereas the pattern of diamond-shaped shields covering the Barraba specimen corresponds to the distal part of the pedicels, i.e., the heels.
The family Chaloneriaceae was erected for the Pennsylvanian genera Chaloneria, Polysporia, and Sporangiostrobus (Leisman, 1970; Rothwell, 1983a, 1983b) . The latter genus was suggested to be a junior synonym of Omphalophloios by Brousmiche-Delcambre et al. (1995) . Chaloneriacean plants are characterized by round to lobed cormose bases, leaves attached directly on the axes and not to leaf cushions, and distinctive mega-and microspores Rothwell, 1983a, 1983b) . In Sporangiostrobus, the saccate microspores are of the densospore-type (Chaloner, 1962; Bek and Straková, 1995; Opluštil et al., 2010; Bek et al., 2015) . In Chaloneria and Polysporia, they are of the Endosporites-type and show interradial papillae on the proximal surface of the central body (Chaloner, 1958; Brack and Taylor, 1972; DiMichele et al., 1979; Pigg and Rothwell, 1983a; Grauvogel-Stamm and Langiaux, 1995) . Despite their large size, the possession of Endosporites-type microspores and the fact that the sporophyll lamina are generally unpreserved, the fructifications of the Chaloneriaceae appear different from the Barraba specimen. Indeed, rather than true cones, all these fructifications except Polysporia robusta (Dràbek, 1976) and Polysporia doubingeri (Grauvogel-Stamm and Langiaux, 1995) consist of fertile regions where sporangiate and vegetative zones alternate (DiMichele et al., 1979; Rothwell, 1983a, 1983b; Wagner, 1989; Brousmiche-Delcambre et al., 1995; Pigg, 2001) . Their axial part is wide and represents at least 1/3 of the total diameter of the fructification (Chaloner, 1958) . It is much broader than that of the Australian cone. The sporangia in the Chaloneriaceae are shorter than those of the Barraba cone, especially those of Sporangiostrobus / Omphalophloios (Opluštil et al., 2010) . They are not protected externally by any differentiated structures like heels and, in the case of compression fossils, they appear uncovered on the rock surface when the distal parts of the sporophylls are missing. The megasporangia of Chaloneria and Polysporia contain numerous megaspores of the Valvisisporites or Pseudovalvisisporites types, unknown to have a central body with any ornamentation around the trilete mark. Unlike those of the Barraba cone, the megasporangia of Sporangiostrobus / Omphalophloios contain only a few tetrads of Zonalesporites-type megaspores. Interestingly, in Sporangiostrobus / Omphalophloios feistmantelii, Bek et al. (2015) record Zonalesporites superbus megaspores showing a central body ornamented with ten rows of "lenticular structures" in the interradial areas. These structures are more numerous and larger (12-15 µm in diameter) than the pores observed in the megaspores of the Australian cone. Nonetheless, they suggest that the possession of proximally ornamented central bodies may have been overlooked in some lycopsid megaspore taxa.
The Barraba specimen is unlike any Late Devonian or Carboniferous lycopsid cone described to date. It represents a new taxon that is not assignable to any known genus and whose affinities are uncertain. It superficially resembles the cone of Clevelandodendron, a contemporaneous plant of limited height characterized by an unbranched habit and a cormose base. When all characters are considered, however, the closest taxon is another contemporaneous genus, Bisporangiostrobus, represented by branched stems thought to belong to an arborescent rhizomorphic lycopsid related to Jurinodendron (Chitaley and Pigg, 1996) .
CONCLUSIONS
A new bisporangiate cone, Cymastrobus irvingii gen. et sp. nov., is described from Barraba (New South Wales, Australia). This is the second species of lycopsids recognized at this locality after Leptophloeum australe which is represented by abundant compression remains.
C. irvingii shows distinctive spores whose walls are composed of a central body attached proximally to an outer envelope by interradial papillae. This character, however, is probably plesiomorphic for the heterosporous lycopsids, and poorly indicative of the phylogenetic affinities of the Barraba plant that produced the Cymastrobus cones.
The large size and compact shape of C. irvingii, the morphology of its sporophyll-sporangium units, and the large number of megaspores contained in each megasporangium form a set of features that are unknown in most Givetian to Late Devonian lycopsid cones. C. irvingii compares better to the Famennian genera Clevelandodendron and Bisporangiostrobus, and to the MississippianPennsylvanian genus Flemingites, three taxa suspected to occupy a basal position in the rhizomorphic lycopsid clade (Isoetales sensu Pigg, 2001 ). This evidence supports the idea of a change in the systematic composition of heterosporous lycopsid assemblages at the end of the Devonian.
